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Geospatial 
information
Obtained pictures’ longitude and 
latitude coordinates.
Made observations about each picture to 
use as point of reference.
Object-based 
image analysis
Used ENVI software’s feature extraction tool to draw 
boundaries around the leaves of water hyacinth and 
primrose to segment the picture and create polygons.
Settings: 75-Segment 
(details, smooth edges), 
90-Merge (Min and Max in 
the RGB band), 19-Kernel 
size (number of pixels)
Statistics 
about the 
data
Red, Green and Blue range 
in each image from 0 to 
255. 
Looked at the values of Red, Green and Blue for each polygon 
created in the previous step and set up rules to make ENVI 
differentiate between the objects present in each picture.
RGB bands 
rules 
Used the rules to conclude 
the percentages for WH 
(Water Hyacinth), PR 
(Primrose), dead plant 
materials, reflections, 
etc., in each picture 
Fig 1. A tripod was set up in the boat to take 
pictures that covered the same area each time. 
Each picture is 2/3 m2
Fig 2. The red lines show the segmentation to 
create the polygons in the picture. The settings 
worked best for the pictures that only had one 
class of plant.
Introduction
Objectives: 
Results
Future Research
• Imagery from the satellites or other aerial sources are 
in raster format, depicting larger pixels. We need to 
confirm that our rules also worked in these pictures by 
asking people in the field to give us their observations.
• In order to better control the invasive plants, we need 
to know more about why they are growing at the rate 
they are growing, how the rafts break up, and how 
they move around during the different seasons of the 
year.
• We need to identify where else water hyacinth and 
primrose are present and to teach communities to 
self-organize and run labeling campaigns. 
• The velocity equation developed during this research 
will be further tested at NASA Ames Research Center.
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Methods
Water in the Sacramento-San Joaquin Delta has three main uses: it serves as a 
habitat for the fish, irrigation, and a small amount is distributed to the city for drinking. 
The presence of water hyacinth and primrose, two invasive plants, kills fish by depleting 
the oxygen in the water, and it interferes with shipping by clogging the water channels. 
Integrated Pest Management (IPM) strategies that include chemical, mechanical and 
bio-control have been used to control water hyacinth and primrose at the Delta.
• Obtain and analyze pictures at the Delta and use their geospatial (longitude and 
latitude) information to calculate the presence of water hyacinth and primrose at 
different zones
• Observe and analyze the effectiveness of chemical treatment for water hyacinth 
and primrose 
• Pair the results of our analysis with remote sensing maps created with the help of 
satellites and aerial views.
• Compute an equation in Excel for the velocity of the plant rafts. Water hyacinth 
and primrose have buoyancy properties and their movement depends on the 
water and wind velocity, density, etc.
Water hyacinth was present 
in a lower percentage, 
perhaps because it rained 
more this year compared to 
2015, which allowed the 
plant to float more readily 
and be flushed out. 
Fig 3. Water hyacinth and 
primrose combined. The rules 
identify the camera shadow. 
Fig.4 Dead plants. This picture 
is from a treated area and the 
rules distinguish between 
dead and alive plants. The 
undefined class covers either 
dead plants or shadows, 
therefore it is not included in 
the statistical results. 
Fig 5. Healthy 
water 
hyacinth. 
Our data confirm that 
the chemical 
treatments fulfill their 
purpose and water 
hyacinth is killed. Young 
primrose was classified 
as WH because of its 
roundness. 
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Water Velocity vs Force
➢ Model to calculate the velocity of water hyacinth in the delta based on the 
equations from Dwoning-Kunz1. Water velocity is not greater than 0.7m/s, 
however it has an impact in the drag force of water hyacinth 
➢ Each picture had different polygons from the boundaries created. We 
classified them using the RGB bands. It was not possible to differentiate 
WH from PR so we added another feature of the leaves to the rules, in this 
case the roundness (which was different for each type of flower). 
Fig 6. Water velocity and wind 
velocity in the month of October.  
➢ RGB band rules used in a raster picture with low resolution. The rules allow 
us to distinguish the invasive from the non-invasive plants.
Figure 7. True color picture Figure 8. Picture with classification
Invasive plants
Dead , 0.25%
PR, 54%
WH, 38%
UNTREATED SITES
Dead , 40.98%
PR, 17.40%
WH, 9.59%
Water, 27%
TREATED SITES
Conclusions
